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Miniaturized Cell Array Methods and Apparatus for Cell-Based Screening 

P^ted Applications 

This application is a continuation-in-part of U.S. Provisional Application 
for Patent S/N 60/018,696, filed May 30, 1996, and U.S. Application for Patent 
5 S/N 08/810983, filed on February 27, 1997, which are both hereby incorporated 
by reference in their entirety. 

Field of the Invention 

The present invention relates to methods and apparatus for high 
10 throughput and high biological content screening of a non-uniform micro- 
patterned array of cells on a base. 

Description of the Prior Art 

In the expanding arena of drug discovery and combinatorial chemistry to 

15 generate candidate compounds, it would be very useful to be able to rapidly 
screen a large number of substances, via a high throughput screen, for their 
physiological impact on animals and humans. Before testing the efficacy of a 
"partially qualified" drug candidate on animals, the drug could first be screened 
for its biological activity and potential toxicity with living cells prior to testing 

20 in an animal model The anticipated physiological response to the drug 
candidate could then be based on the results of these cell screens. 

Traditionally, "lead compounds" have moved quickly to extensive 
animal studies which are both time-consuming and costly. Furthermore, 
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extensive drag testing in animals is becoming less and less culturally acceptable 
in the United States and Europe. Screening drug candidates according to their 
interaction with living cells, prior to animal studies, can reduce the number of 
animals required in subsequent drug screening processes by eliminating some 
drug candidates before going to animal trials. However, manipulation and 
analysis of drug-cell interactions using current methods does not allow for both 
high throughput and high biological content screening, due to the small number 
of cells and compounds that can be analyzed in a given period of time, the 
cumbersome methods required for compound delivery, and the large volumes of 
compounds required for testing. 

High throughput screening of nucleic acids and polypeptides has been 
achieved through a technique known as combinatorial chemistry. In typical 
combinatorial chemistry methods, DNA sequences of 10 to 14 base pairs are 
attached in defined locations (or spots), up to tens of thousands in number, on a 
small glass plate. (U.S. Patent No. 5,556,752. hereby incorporated by 
reference). This creates an array of spots of DNA on a given glass plate. The 
location of a spot in the array provides an address for later reference to each spot 
of DNA. The DNA sequences are then hybridized with complementary DNA 
sequences labeled with fluorescent molecules. Signals from each address on the 
array are detected when the fluorescent molecules attached to the hybridizing 
nucleic acid sequences fluoresce in the presence of light. Such glass plates 
having an array of nucleic acid sequences affixed thereto are available under the 
trade name "GENECHIP™" from Affymetrix. These devices have been used to 
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provide high throughput screening of DNA sequences in drug discovery efforts 
and in the human genome sequencing project. Similarly, protein sequences of 
varying amino acid lengths have been attached in discrete spots as an array on a 
glass plate. (U.S. Patent 5,143,854, incorporated by reference herein). 
5 The information provided by an array of either nucleic acids or amino 

acids bound to glass plates is limited according to their underlying "languages". 
For example, DNA sequences have a language of only four nucleic acids and 
proteins have a language of about 20 amino acids. In contrast, a living cell 
which comprises a complex organization of biological components has a vast 
10 "language" with a concomitant multitude of potential interactions with a variety 
of substances, for example DNA, RNA, cell surface proteins, intracellular 
proteins and the like. Because a typical target for drug action is with and within 
the cells of the body, cells themselves can provide a useful screening tool in 
drug discovery when combined with sensitive detection reagents. It thus would 
15 be most useful to have a high throughput, high content screening device to 
provide high content spatial information at the cellular and subcellular level as 
well as temporal information about changes in physiological, biochemical and 
molecular activities (U.S. Application S/N 08/810983). 
Microarrays of cells 

20 Methods have been described for making uniform micro-patterned 

arrays of cells for other applications, for example photochemical resist- 
photolithograpy. (Mrksich and Whitesides, Ann. Rev. Biophys. Biomol. Struct. 
25:55-78, 1996). According to this photoresist method, a glass plate is 
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uniformly coated with a photoresist and a photo mask is placed over the 
photoresist coating to define the "array" or pattern desired. Upon exposure to 
light, the photoresist in the unmasked areas is removed. The entire 
photolithographically defined surface is uniformly coated with a hydrophobic 
substance such as an organosilane that binds both to the areas of exposed glass 
and the areas covered with the photoresist. The photoresist is then stripped 
from the glass surface, exposing an array of spots of exposed glass. The glass 
plate then is washed with an organosilane having terminal hydrophilic groups or 
chemically readable groups such as amino groups. The hydrophobic 
organosilane binds to the spots of exposed glass with the resulting glass plate 
having an array of hydrophilic or reactable spots (located in the areas of the 
original photoresist) across a hydrophobic surface. The array of spots of 
hydrophilic groups provides a substrate for non-specific and non-covalent 
binding of certain cells, including those of neuronal origin (Kleinfeld et al., J. 
Neurosci. 8:4098-4120, 1988). React.ve ion etching has been s.milarly used on 
the surface of silicon wafers to produce surfaces patterned with two different 
types of texture (Craighead et al., Appl. Phys. Lett. 37:653, 1980; Craighead et 
al., J. Vac. Sci. Technol. 20:316, 1982; Suh et al. Proc. SPIE 382:199, 1983). 

In another method based on specific yet non-covalent interactions, 
photoresist stamping is used to produce a gold surface coated with protein 
adsorptive alkanethiol. (Singhvi et al., Science 264:696-698, 1994). The bare 
gold surface is then coated with polyethylene-terminated alkanethiols that resist 
protein adsorption. After exposure of the entire surface to laminin, a cell- 
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binding protein found in the extracellular matrix, living hepatocytes attach 
uniformly to, and grow upon, the laminin coated islands (Singhvi et al. 1994). 
An elaboration involving strong, but non-covalent, metal chelation has been 
used to coat gold surfaces with patterns of specific proteins (Sigal et al., Anal. 
5 Chem. 68:490-497, 1996). In this case, the gold surface is patterned with 
alkanethiols terminated with nitriloacetic acid. Bare regions of gold are coated 
with tri(ethyleneglycol) to reduce protein adsorption. After adding Nl 2 *, the 
specific adsorption of five histidine-tagged proteins is found to be kinetically 
stable. 

10 More specific uniform cell-binding can be achieved by chemically 

crosslinking specific molecules, such as proteins, to reactable sites on the 
patterned substrate. (Aplin and Hughes, Analyt. Biochem. 1 13:144-148, 1981). 
Another elaboration of substrate patterning optically creates an array of 
reactable spots. A glass plate is washed with an organosilane that chemisorbs to 
15 the glass to coat the glass. The organosilane coating is irradiated by deep UV 
light through an optical mask that defines a partem of an array. The irradiation 
cleaves the Si-C bond to form a reactive Si radical. Reaction with water causes 
the Si radicals to form polar silanol groups. The polar silanol groups constitute 
spots on the array and are further modified to couple other reactable molecules 
20 to the spots, as disclosed in U.S. Patent No. 5,324,591, incorporated by 
reference herein. For example, a silane containing a biologically functional 
group such as a free amino moiety can be reacted with the silanol groups. The 
free amino groups can then be used as sites of covalent attachment for 
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biomolecules such as proteins, nucleic acids, carbohydrates, and lipids. The 
non-patterned covalent attachment of a lectin, known to interact with the surface 
of cells, to a glass substrate through reactive amino groups has been 
demonstrated (Aolin & Hughes, 1981). The optical method of forming a 
5 uniform array of cells on a support requires fewer steps and is faster than the 
photoresist method, (i.e., only two steps), but it requires the use of high intensity 
ultraviolet light from an expensive light source. 

In all of these methods the resulting array of cells is uniform, stnce the 
biochemically specific molecules are bound to the m,cro-pattemed chemical 

0 array uniformly. In the photoresist method, cells bind to the array of 
hydrophilic spots and/or specific molecules attached to the spots which, in turn, 
bind cells. Thus cells bind to all spots in the array in the same manner. In the 
optical method, cells bind to the array of spots of free ammo groups by 
adhesion. There is little or no differentiation between the spots of free ammo 

1 groups. Again, cells adhere to all spots in the same manner, and thus only a 
smgle type of cell interaction can be studied with these cell arrays because each 
spot on the array is essentially the same as another. Such cell arrays are 
inflexible in their utility as tools for studying a specific variety of cells in a 
single sample or a specific variety of cell interactions. Thus, a need exists for 
non-uniform m,cro-pattemed cell arrays, ,n order to increase the number of cell 
types and specific cell interactions that can be analyzed simultaneously, as well 
as methods of producing non-uniform micro-patterned cell arrays, in order to 
provide for high throughput and high biological content screening of cells. 
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Microfluidics 

Efficient delivery of solutions to an array of cells attached to a solid 
substrate, is facilitated by a system of microfluidics. Methods and apparatus 
have been described for the precise handling of small liquid samples for ink 
5 delivery (U.S. Patent No. 5,233,369; U.S. Patent No. 5,486,855; U.S. Patent No. 
5,502,467; all incorporated by reference herein), biosample aspiration (U.S. 
Patent No. 4,982,739, incorporated by reference herein), reagent storage and 
delivery (U.S. Patent No. 5,031,797 incorporated by reference herein), and 
partitioned microelectronic and fluidic device array for clinical diagnostics and 
10 chemical synthesis (U.S. Patent No. 5,585,069 incorporated by reference 
herein). In addition, methods and apparatus have been described for the 
formation of microchannels in solid substrates that can be used to direct small 
liquid samples along the surface (U.S. Patent No. 5,571,410; U.S. Patent No. 
5,500,071; U.S. Patent No. 4,344,816, all incorporated by reference herein). 
15 However, there is no known method for delivering solutions to living cells 
micro-patterned into non-uniform arrays on solid substrates in a closed optical 
chamber. 

Optical reading of cell physiology 

20 Performing a high throughput screen on many thousands of compounds 

requires parallel handling and processing of many compounds and assay 
component reagents. Standard high throughput screens use homogeneous 
mixtures of compounds and biological reagents along with some indicator 
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compound, loaded into arrays of wells in standard microliter plates with 96 or 
384 wells. (Kahl et al., J. Biomol. Scr. 2:33-40, 1997). The signal measured 
from each well, either fluorescence emission, optical density, or radioactivity, 
integrates the signal from all the material in the well giving an overall 
population average of all the molecules in the well. This type of assay is 
commonly referred to as a homogeneous assay. 

Science Applications International Corporation (SAIC) 130 Fifth 
Avenue, Seattle, WA. 98109 describes an imaging plate reader, (U.S. Patent 
No. 5,581,487, herein incorporated by reference). This system uses a CCD 
detector (charge-coupled optical detector) to image the whole area of a 96 well 
plate. The image is analyzed to calculate the total fluorescence per well for 
homogeneous assays. 

Molecular Devices, Inc. describes a system (FLIPR™) which uses low 
angle laser scanning illumination and a mask to selectively excite fluorescence 
within approximately 200 microns of the bottoms of the wells in standard 96 
well plates in order to reduce background when imaging cell monolayers. 
(Schroeder and Neagle, J. Biomol. Scr. 1:75-80, 1996). This system uses a 
CCD camera to image the whole area of the plate bottom. Although this system 
measures signals originating from a cell monolayer at the bottom of the well, 
the signal measured is averaged over the area of the well and is therefore still 
considered a homogeneous measurement, since it is an average response of a 
population of cells. The image is analyzed to calculate the total fluorescence 
per well for cell-based homogeneous assays. 
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Proffitt et. al. (Cytometry 24:204-213, 1996) describes a semi-automated 
fluorescence digital imaging system for quantifying relative cell numbers in 
situ y where the cells have been pretreated with fluorescein diacetate (FDA). The 
system utilizes a variety of tissue culture plate formats, particularly 96-well 
5 microliter plates. The system consists of an epifluorescence inverted 
microscope with a motorized stage, video camera, image intensifies and a 
microcomputer with a PC- Vision digitizer. Turbo Pascal software controls the 
stage and scans the plate taking multiple images per well. The software 
calculates total fluorescence per well, provides for daily calibration, and 
10 configures for a variety of tissue culture plate formats. Thresholding of digital 
images and reagents that fluoresce only when taken up by living cells are used 
to reduce background fluorescence without removing excess fluorescent reagent 

A variety of methods have been developed to image fluorescent cells 
15 with a microscope and extract information about the spatial distribution and 
temporal changes occurring in these cells. A recent article describes many of 
these methods and their applications (Taylor et al., Am. Scientist 80:322-335, 
1992). These methods have been designed and optimized for the preparation of 
small numbers of specimens for high spatial and temporal resolution imaging 
20 measurements of distribution, amount and biochemical environment of the 
fluorescent reporter molecules in the cells. 

Treating cells with dyes and fluorescent reagents and imaging the cells 
(Wang et al M In Methods in Cell Biology, New York, Alan R. Liss, 29:1-12, 
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1989), and genetic engineering of cells to produce fluorescent proteins, such as 
modified green fluorescent protein (GFP) as a reporter molecule are useful 
detection methods. The green fluorescent protein (GFP) of the jellyfish 
Aequorea victoria has an excitation maximum at 395 nm, an emission 
maximum at 510 nm and does not require an exogenous factor. Uses of GFP 
for the study of gene expression and protein localization are discussed in Chalfie 
et al., Science 263:802-805, 1994. Some properties of wild-type GFP are 
disclosed by Morise et al. (Biochemistry 13:2656-2662, 1974), and Ward et al. 
(Photochem. Photobiol. 31:61 1-615, 1980). An article by Rizzuto et al. (Nature 
358:325-327, 1992) discusses the use of wild-type GFP as a tool for visualizing 
subcellular organelles in cells. Kaether and Gerdes (FEBS Letters 369:267-271, 
1995) report the visualization of protein transport along the secretory pathway 
using wild-type GFP. The expression of GFP in plant cells is discussed by Hu 
and Cheng (FEBS Letters 369:331-334, 1995), while GFP expression in 
Drosophila embryos is described by Davis et al. (Dev. Biology 170:726-729, 
1995). U. S. Patent No. 5,491,084, incorporated by reference herein, discloses 
expression of GFP from Aequorea victoria in cells as a reporter molecule fused 
to another protein of interest. PCT/DK96/00052, incorporated by reference 
herein, relates to methods of detecting biologically active substances affecting 
intracellular processes by utilizing a GFP construct having a protein kinase 
activation site. Numerous references are related to GFP proteins in biological 
systems. For example, PCT/US95/10165 incorporated by reference herein, 
describes a system for isolating cells of interest utilizing the expression of a 
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GFP like protein. PCT/GB96/00481 incorporated by reference herein, describes 
the expression of GFP in plants. PCT/US95/01425 incorporated by reference 
herein, describes modified GFP protein expressed in transformed organisms to 
detect mutagenesis. Mutants of GFP have been prepared and used in several 
5 biological systems. (Hasselhoflf et al., Proc. Natl. Acad. Sci. 94:2122-2127, 
1997; Brejc et al., Proc. Natl. Acad. Sci. 94:2306-2311, 1997; Cheng et al., 
Nature Biotech. 14:606-609, 1996; Heim and Tsien, Curr. Biol. 6:178-192, 
1996; Ehrig et al., FEBS Letters 367:163-166, 1995). Methods describing 
assays and compositions for detecting and evaluating the intracellular 
10 transduction of an extracellular signal using recombinant cells that express cell 
surface receptors and contain reporter gene constructs that include 
transcriptional regulatory elements that are responsive to the activity of cell 
surface receptors are disclosed in U.S. Patent No. 5,436,128 and U.S. Patent No. 
5,401 ,629, both of which are incorporated by reference herein. 
15 The ArrayScan™ System, as developed by BioDx, Inc. (U.S. 

Application S/N 08/810983) is an optical system for determining the 
distribution, environment, or activity of luminescently labeled reporter 
molecules in cells for the purpose of screening large numbers of compounds for 
specific biological activity. The ArrayScan™ System involves providing cells 
20 containing luminescent reporter molecules in a uniform array of locations and 
scanning numerous cells in each location with a fluorescence microscope, 
converting the optical information into digital data, and utilizing the digital data 
to determine the distribution, environment or activity of the luminescently 
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labeled reporter molecules in the cells. The uniform array of locations used 
presently are the industry standard 96 well or 384 well microliter plates. The 
ArrayScanTM System includes apparatus and computerized method for 
processing, displaying and storing the data, thus augmenting drug discovery by 
5 providing high content cell-based screening in a large microtiter plate format. 

The present invention provides for methods and apparatus which 
combine multicolor luminescence reading, microfluidic delivery, and 
environmental control of living cells in non-uniform micro-patterned arrays. 
Typically, the standard microtiter plate format, the 96 well microtiter plate, has 

0 6mm diameter wells on a 9 mm pitch. Higher density plates, such as 384 well 
plates, reduce both the well size and well pitch (for example to 3 mm and 4.5 
mm), packing more wells in the same format. The present invention provides 
for both high throughput and high-content, cell-based assays that typically 
require an area equivalent to a well si ze of only 0.2 - 1.0 mm diameter. 

1 Reducing the well size and the array size not only improves the speed and 
efficiency of scanning for high-content screening, but also allows high 
throughput screening to be carried out on the same cell array by reading the 
whole area of the array at lower spatial resolution. Because of this, high 
throughput pnmary screens can be directly coupled with high-content secondary 
screens on the same platform. In effect, the high-content screen becomes a high 
throughput screen. There is also a dramatic savings in the volumes of costly 
reagents and drug candidates used in each screening protocol. Furthermore, the 
delivery of cells to the "wells" is based on specific binding, thus high precision 
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droplets need not be delivered to specific locations. As used herein, the term 44 
wells" does not refer to any depth but merely the location of a cell binding site 
on the base. 

Thus, the present invention provides for unique methods and devices for 
5 performing high throughput and high content screening of the physiological 
response of cells to biologically active compounds, which allows multiple types 
of cell interactions to be studied simultaneously by combining multicolor 
luminescence reading, microfluidic delivery, and environmental control of 
living cells in non-uniform micro-patterned arrays. 

10 

Summary of the Invention 

The present invention provides unique devices and methods of 
performing high throughput and high content screening of the physiological 
response of cells to biologically active compounds. The present invention 
15 allows multiple types of cell interactions to be studied simultaneously by 
combining multicolor luminescence reading, microfluidic delivery, and 
environmental control of living cells in non-uniform micro-patterned arrays. 

In one embodiment, the present invention encompasses a non-uniform 
micro-patterned array of cells and methods for making same. The arrays can 
20 comprise identical cell types that can be treated with a combinatorial of distinct 
compounds, or a combinatorial of cell types that can be treated with one or more 
compounds. By the term combinatorial, it is meant that the wells or groups of 
wells are variably treated. A further aspect of the present invention comprises a 
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method for analyzing cells, by using the non-uniform micro-patterned cell array 
of the invention where the cells contain at least one luminescent reporter 
molecule in combination with a fluid delivery system to deliver a combinatorial 
of reagents to the micro-patterned array of cells, and means to detect, record and 
5 analyze the luminescence signals from the luminescent reporter molecules. In 
another aspect of the present invention, a cell screening system is disclosed, 
comprising a luminescence reader instrument for detecting luminescence signals 
from the luminescent reporter molecules in the non-uniform micro-patterned 
array of cells, a digital detector for receiving data from the luminescence reader 
0 instrument, and a computer means for receiving and processing digital data from 
the light detector. 

Brief descripti on of the drawing s 

The invention and several of its aspects may be better understood in 
relation to the following Figures, wherein: 

Figure 1 A is a top view of a small substrate micro-pattemed chemical array. 
Figure IB is a top view of a large substrate micro-patterned chemical array. 
Figure 2 diagrams a method of producing a micro-patterned chemical array on a 
substrate. 

Figure 3A is a photograph showing fibroblastic ceil growth on a surface 
patterned chip, attached to a micro-pattemed chemical array and labeled with 
two fluorescent probes. 

14 



SUBSTITUTE SHEET (RULE 26) 



WO 97/45730 



PCT/US97/09564 



Figure 3B is a photograph showing fibroblastic cell growth in spotted patterns, 
attached to a micro-patterned chemical array and labeled with two fluorescent 
probes. 

Figure 4 is a diagram of the cassette which is the combination of the non- 
5 uniform micro-patterned array of cells top and chamber bottom. 

Figure 5 is a diagram of a chamber that has nanofabricated microfluidic 
channels to address "wells" in the non-uniform micro-patterned array of cells. 
Figure 6 is a diagram of a chamber with no channels. 

Figure 7A is an overhead diagram of a chamber with microfluidic channels 
10 etched onto the substrate. 

Figure 7B is a side view diagram of a chamber with microfluidic channels 
etched onto the substrate. 

Figure 8A is an overhead diagram of a chamber where the microfluidic channels 
and wells are formed from a raised matrix of a material stamped onto the fluid 
15 delivery chamber. Figure 8B is a side view diagram of a chamber where the 
microfluidic channels and wells are formed from a raised matrix of a material 
stamped onto the fluid delivery chamber. 

Figure 9 is a diagram of a chamber where each well is addressed by a channel 
originating from one side of the chamber. 
20 Figure 10 is a diagram of a chamber where the wells are addressed by channels 
originating from two sides of the chamber. 

Figure 1 1 is a diagram of a chamber where the microfluidic switches are 
controlled by light, heat or other mechanical means. 

15 
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Figure .2 is a diagram „f ^ luminescence readCT imammu wwch . s a 
mod.fled integrated circuit inspec „ on ^ ^ a 
as the reader and small robots to manipulate cassettes. 

Figure ,3 is . diagram of one embodiment of the luminescence reader 

5 instrument optical system. 

Figure ,4A is a flow char, providing an overview of the eel, screening method. 
Figure UB is a Macro (High Throughput Mode) Processing flow chart. 
Figure UC ,s a Micro (High Content Mode) Processing flow chart. 
Figure 15 is a dtagram of the integrated cell screening system. 
'0 Figure ,« is a photograph of the user interface of tne ,„ min esce„ce reader 
instrument. 

Figure I7A is a photograph showtng lyrn p h „ ld cells nonspecjfica „ y ^ 

an unmodified substrate. 

Figure 17B ,s a photograph showing lyrn pho,d cel,s nonspecf.caMy attached ,0 

1 5 an IgM-coated substrate. 

F.gure 17C ,s a photograph showing lymphoid cells specifically bound to a 

whole anti-serum-coated substrate. 

F lg ure , 8A is a photographic image from H.gh Throughput Mode of 
luminescence reader instrument identifying "hits". 
20 Figure 18B is a series of photograph, .mages showmg the high content mode 
identifying high content biological information. 

Figure 19 ,s a photographic image showing the dtsplay of cel. data gathered 
from the high content mode. 
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nailed Description Of The Pre ferred Embodiments 

In one aspect, the present invention teaches a method of making a non- 
uniform micro-patterned array of cells on a base. As defined herein, a non- 
5 uniform micro-patterned array of cells refers to an array of cells on a base that 
are not distributed in a single uniform coating on the support surface, but rather 
in a non-uniform fashion such that each 'Veil" or groups of wells on the support 
may be unique in its cell binding selectivity. 

The method of making a non-uniform micro-patterned array of cells 
10 comprises preparing a micro-patterned chemical array, chemically modifying 
the micro-patterned chemical array non-uniformly, and binding cells to the non- 
uniform modified micro-chemical array on the base. 

In a preferred embodiment, a micro-patterned chemical array comprises 
a base 4 which is treated to produce a hydrophobic surface across which are 
15 dispersed at regular intervals hydrophilic spots or "wells' 8. (Figure 1A-1B). 
The base can be a glass, plastic, or silicon wafer, such as a conventional light 
microscope coverslip, but can also be made of any other suitable material to 
provide a base. As describe previously, the term " wells" is used to describe a 
specific spot on the base, and does not require any particular depth. The surface 
20 of the base 4 is preferably about 2 cm by 3 cm, but can be larger or smaller. In a 
preferred embodiment, the wells 8 of the micro-patterned chemical array contain 
reactable functional groups such as, but not limited to, amino hydroxyl, 
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sulfhydry. or carboxyl groups ^ can bind ,„ ^.^^ ^ ^ 
further chemically modified to bind molecules that bind cells specifically. 

Modified non-uniform micro-pattemed chemical arrays are produced by 
specific chemical modifications of the weUs in the micro-patterned chemical 
array. The modified array of wells in the non-uniform micro-patterned chemical 
arrays may contain a variety of different cell binding molecules tha, permit 
attachment and growth of cells in the wells. The hydrophobic domains 
surrounding the w=„s „„ , he base do no, support the attachment and growu, of 



the cells 

10 



In a preferred embodiment a non-uniform m.cro-patterned array of cells 
is made by coating a glass wafer via chenusorbance with a layer of a substance 
havmg reactable functional groups such as ammo groups. In a preferred 
embodiment, an aminosilane such as 3-amino propyltnmethoxysilane (APTS) 
or N-(2-am 1 noethyl-3-ammopro P yI)tr,methoxysilane (EDA) is used, but other 
1 5 reactable substances may be used. Following this first step, due to the presence 
of the reactable functional groups, the ent.re surface of the coated glass wafer is 
hydrophilic. 

Secondly, a micro-patterning reaction is carried out where drops 
containing a substance having photocleavable or chemrcal.y removable amino 
20 protecting groups are placed in a micro-pattern of discrete locations on the 
aminosilane coated glass wafer. In one embodiment the pattern comprises a 
rectangular or square array, but any suitable discrete pattern, may be used (such 
as. but not limned to, triangular or circular). In one embodiment, the drops 
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range in volume from 1 nanoliter (nl) to 1000 nl. In a preferred embodiment the 
drops range from 250-500 nl in volume. Suitable photochemically removable 
amino protecting substances include, but are not limited to 4-bromomethyl-3- 
nitrobenzene , l-(4,5-dimethoxy-2-nitrophenyl)-ethyl (DMNPE) and 
5 butyloxycarbonyl. In one embodiment, the patterning reaction is carried out for 
1 to 100 minutes at temperatures ranging from ambient temperature to 37°C, 
using reagent concentrations of between 1 micromolar (uM) and 1000 uM. In a 
preferred embodiment, the reaction is carried out at 37°C for 60 minutes using a 
reagent concentration of 500 uM. 
10 The drops may be placed onto the aminosilane coated glass wafer via 

conventional ink-jet technology. (U.S Patent No. 5,233,369; U.S. Patent No. 
5,486,855, both references herein incorporated by reference). Alternatively, an 
array of pins, defined herein as tapered rods that can transfer between 1 nl and 
1000 nl of fluid, is dipped into a bath of the amino protecting substance to 
15 produce drops of the protecting substance on their ends. The pins are then 
contacted with the glass wafer to transfer the drops thereto. In another 
embodiment, an array of capillary tubes made of glass or plastic, as described in 
U.S Patent Nos. 5,567,294 and 5,527,673, (both herein incorporated by 
reference), contaimng the amino protecting substance is contacted with the glass 
20 wafer to transfer the droplets to the surface. Thus, the glass wafer is micro- 
patterned with an array of spots or wells that contain protected amino groups on 
a hydrophobic surface (Figure 2A-B). 
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Third, a hydrophobic substance reactive with unprotected amino groups 
is washed over the glass wafer. The hydrophobic substance can be a fatty acid 
or an alkyl iodide, or any other suitable structure. Certain conditions for such a 
derivatization of glass can be found in Prime and Whitesides, Science 
5 252:1164-1167, 1991, Lopez et al., J. Am. Chem. Soc. 115:5877-5878, 1993, 
and Mrksich and Whitesides, Ann. Rev. Biophys. Biomol. Struct. 25:55-78, 
1996. The fatty acid or alkyl iodide reacts with the unprotected amino groups 
and covalently attaches thereto, and the ammo groups are now hydrophob.c due 
to the fatty add or alky, iodide group. The resulting micro-patterned chemical 
10 array 9 compnses a glass wafer 4 with an array of wells 8 contairung protected 
amino groups on a hydrophobic background. (Figure 2C). 

Fourth, the modified non-uniform micro-patterned chemical array is 
produced by uniformly deprotecting the amino groups in a m.cro-pattemed 
chem.cal array produced according to the above-descnbed methods. I n one 
15 embodiment, chemical specificity can be added by chemically crosslinking 
specific molecules to the wells. There are a number of well known homo- or 
hetero-b.functional crosslinking reagents such as ethylene glycol 
bis( S uccmimidylsuccinate) that will react with the free amino groups in the 
wells and crosslink to a specific molecule. Reagents and conditions for 
20 crosslinking free amino groups with other biomolecules are well known in the 
art, as exemplified by the following references. Grabarek and Gergely, Analyt. 
Biochem 185:131-135, 1990; McKenzie et al., J. Prot. Chem. 7:581-592, 1988; 
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. nv.~r, vi? IV 1992 Fritsch et al., Bioconjugate 
Brinkley, Bioconjugate Chem. 3.12-u, wt, rnu» 

Chem. 7:180-186, 1996; and Aplin and Hughes, 1981. 

In a preferred embodiment, a modified micro-patterned chemical array is 
produced in combinatorial fashion. The resulting wells are non-uniform {i.e., 
5 each well or group of wells may be unique in its cell binding selectivity). By 
the term combinatorial, it is meant that the wells are variably treated. 

In one embodiment, the protected amino groups of the micro-patterned 
chemical array of step 3 are deprotected and then specific molecules with 
chemical crosslinking reagents are deposit* in a desired pattern. The specific 
,0 crosshnking agents can b,nd to the ammo groups and further possess a cell- 
bindmg group. In this step, the type of cell binding group can be vaned, from 
well to well or from group of wells to group of wells, to create a non-uniform 

design in the array. 

In another embodiment, the amino groups of the micro-patterned 
15 chemical array of step 3 are uniformly deprotected. A photo-acnvatable 
crosslink* is reacted with the deprotected am.no groups. An optical mask of a 
desired pattern is placed over the surface of the wells and the exposed wells are 
illuminated with a light source. The position and number of wells which 
receive light is controlled by the m.cro-pattem of the optical mask. Suitable 
20 P hotoact,vatable crosslinks include aryl mtrenes, fluonnated aryl azides, 
benzophenones, and diazopyruvates. Reagents and conditions for optical 
masking and crosslinking are discussed in Prime and Whitesides, 1991; Sighvi 
et al., 1994, Sigal et al., 1996 and Mrksich and Whitesides, 1996. The 
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photoact/vated crosslink^ are discussed i„ n, ■ 
5 206 47,.,, ""^'"^""""^.Eur.J.Bioch™. 
5 206.471-477, 1992 and Ooldmacher e. al Bi~ 

1992 ^"J^e Chem. 3:104-107, 

-en a pholo -a cuvatab|e ^ ^ ^ ^ ^ ^ ^ 

^^^^ honeembodjmem 
—* - ^ ce„ s U rface ar, t , g e„. reaclivc ^ _ 

7 po,y - L -'^ - — - - * — ,„ ns ^ 

7 ab ° U ' °"° *~> ~" — ~n g « scowlhe 

15 .memal refleclior, of .he ligh, (For H 

■Sh,. (For d,sc US s,o„ of total lnlcma| 

n~ee mi crosoo Py ,see Th o raps „ ne ,,, 1993) ,„ one 

. Purred e mbod , mEM , to ^ „ ^ ^ ^ • 
' — -* „ gh , wjth . wave|mgth of ^ ^ 3w ^ w 
0,,a, cro s s , inJung , lm ,, s , he photo . aciiva(aWe ^^^^ io ^ ^ • 
- - so, utIon ^ the welb , ^ „ ^ m a 

3--3,,993 ;F ar k ase t ,, Ara . Rev . phys ,, 55 , 85 . 8i7ii993; 
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al., Soc. Opt. Instr. Eng. 2678:15-27, 1996; Thompson et al., in Mason, W.T. 
(ed.), "Fluorescent and Luminescent Probes for Biological Activity " San 
Diego: Academic Press pp. 405-419, 1993. 

The photo-activatable crosslinker binds with the cell binding molecules 
5 such as antibodies and matrix proteins, only in the wells where the crosslinker 
was irradiated. For example, a single row of an array of wells can be Radiated 
to produce a single row of wells with cell binding molecules bound to the 
crosslinker. Following a washing of the array to eliminate any unbound cell 
binding molecule, a second row of wells can be bound to a second cell binding 
,0 molecule by subsequent flooding of the glass wafer with the second cell binding 
molecule while irradiating the second row and optically masking the other rows. 
Unbound cell binding molecules are removed by washing the array with PBS, or 
any other suitable buffer. In this fashion, multiple rows of wells or groups of 
wells can be sequentially illuminated by sequential masking in the presence of a 
, 5 particular cell binding molecule. Alternatively, each well can be irradiated one 
by one using pinpoint exposure and optical masking. In this manner, different 
cell binding molecules are bound to rows of the array or to individual wells, 
creating a non-uniform micro-array of cells of any desired pattern. 

In a further embodiment for producing modified micro-patterned 
20 chemical arrays, a micro-patterned chemical array is first produced wherem the 
amino groups of the wells are uniformly protected with photocleavable 
protecting groups. Rows, columns, and/or individual wells are sequentially 
photo-deprotected to expose the free amino groups by us.ng an optical mask of 
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various patterns to cover all but the wells to be deprotected. The exposed wells 
(i.e., those not covered by the mask), are illuminated, resulting in removal of the 
protecting groups. The array is flooded with a Afunctional crosslinker which 
chermcally bonds to the deprotected amino group and activates the wells. 
5 Conditions for the photodeprotection of amino groups are discussed in PiHai, I„ 
Padwa, A. (ed.) "Organic Photochemistry.", New York 9:225-323, 1987, Ten et 
al., Makromol. Chen, .90:69-82, 1989, Pillai, Synthesis 1980:1-26, 1980, Self 
and Thompson, Nature Medicine 2:817-820, 1996 and Senter et al., Photochem. 
Photobiol. 42:231-237, ,985. Next, cell binding molecules are flooded onto the 
10 modified chemical array wherein they react with the other half of the 
crosslinker. The array is then washed to eliminate any unbound Afunctional 
crosslinker and eel, binding molecules. Another well or set of wells may be 
deprotected using another optical mask, and the array may then be flooded with 
a second treatment of a Afunctional crosslinker followed by a distinct cell 
1 5 binding molecule which bonds to this second well or set of wells of deprotected 
amino groups. The array , s washed to eliminate the second treatment of a 
Afunctional crosslinker and cell binding molecules. A non-uniform array of 
cell binding molecules may thus be produced by a repeated sequence of photo- 
deprotection, chemical crosslinkmg of specific molecules and washing under a 
20 variety of masks. Alternatively, the crosslinkmg reagents can be delivered to 
the deprotected wells together with the cell binding molecu,es in one step. 
Concentration gradients of attached cell binding molecules can be created by 
controlling the number of deprotected amino groups exposed using an optica, 
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^ ot by con^olling *e dose of irradiation for .he pho.oacdvatab.« 

crosslinkers. 

The modified micro-pat.en.ed chemical array is .hen used to produce a 
nonuniform micro-pat.en.ed anay of cells. In one embodiment .he modified 
5 micro-patterned chemical array is "seeded" with cells by inducing suspended 
cells onto me array, allowing binding of me cells .0 the wells and then rinsing 
,he wafer .0 remove unbound and weakly bound cells. The cells are bound only 
in the wells, because the specific chemical environmen. in the wells, in 
conjuncfon with the hydrophobic environment surrounding each of the wells. 
10 permits the selective bindtng of cells to the wells only. Furthermore, the 
modified of wells with specific cell-binding molecules permits selective 
binding of cells .0 specific wells, producing a non-untform micro-panemed 
array of cells. In addition, the cel. surface molecules that specifically bind ,0 
the wells may be Cher naturally present o, genetically engineered by 
15 expressing -well-binding- molecules that have been fused .0 cellular 
transmembrane molecules such that cells interact with and bind spec.fically .0 
tnodified wells. The creatton of an array of wells with different cel. recognition 
m „,ecules allows one well, a group of wells or the entire array .0 specifically 
-recognize", grow and screen cells from a mixed population of cells. 
20 in one embodiment, cells suspended tn culture medium at concentrations 

rangtng from about 10' .0 about 10' cells per ml are incubated in contact with 
the wells for 1 to 120 minutes at temperatures ranging from ambient 
temperature ,0 37'C. Unbound cells are then rinsed off of the wells using 
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-ta. ^ or a Wgh demily ^ „, M fc ^ ^ ^ ^ 
- —d c,,, (CImmavaij ^ „ ^ ; ^ sd no 249 ^ ^ ^ 

^ OTb ° dinKnt ' Ce " S S ™ *" « eonce^ 

T* d-rty of ce„s attac be d „ ^ welb is „ y ^ ^ ^ 

» *e ce U suspension , to |jme ^ fer attachraem w ^ 

—din- of .be cel , anachmem ^ to cd|s ^ ^ ^ 
■0 al betwee „ mWBil lmperanire ^ ^ ^ _ ^ ^ 

■20 minuKs , wilh weIls coma ,^ 6 bewKn w ^ ^ ^ ^ ^ ^ 
b.nd.„ g molecule , ,„ , preferred ^ ^ ^ ^ ^ ^ 

."C Ub a,ed fo r ,0 m ,„ utK _ 2 hours . abo „, 3^ ^ ^ ^ ^ 
>0.o lOOnmolespercm' of cell b.nding molecules. 

,n °" emb06i ™•"^ ' he fixed „ lhe wells „ 

d-nbed by BeU e, a,.. , „ islochen , Cytoc|Km „ ,,„ , m ^ ^ ^ 

^ His,oc„e m . Cytocben, 44 : ,3 6 3,3 72 , , 996: Johnso „, , ^ ^ 
*■*.„.. , 985 . ^ ,„„ ^ for ^ ^ a |aKr ^ ^ 

*~« Uy la be,e d mo ,ec uI e S such as an.^es, „ ucleic ac , d 
20 probes or other ligands. 

>" -o.be, e mb od, m e„ t , ,He ceHs «, be modified Wllh 
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such indicators are provided in Giuilano et al., Ann. Rev. Biophy, Biomol. 
Struct. 24:405-434, 1995; Harootunian et al., Mol. Biol. Cell 4:993-1002, 1993; 
Post et al., Mol. Biol. Cell 6:1755-1768, 1995; Gonzalez and Tsien, Biophys. J. 
69:1272-1280, 1995; Swaminathan et al., Biophy, J. 72:1900-1907, 1997 and 
5 Chalfie et al., Science 263:802-805, 1994 . Tlte indicators can be introduced 
,„to the cells before or after they are seeded onto the array by any one or a 
combination of variety of physical methods, such as, but not limited to diffusion 
across the cell membrane (reviewed in Haugland, Handbook of fluorescent 
probes and research chemicals, 6* ed. Molecular Probes, Inc., Eugene, 1996), 
10 medical perturbation of the cell membrane (McNeil et al., J. Cell Biology 
98.1556-1564, 1984; Clarke and McNeil, J. Cell Science 102:533-541, 1992; 
Clarke et al., BioTechniques 17:1118-1125, 1994), or genetic engineering so 
that they are expressed in cells under prescribed conditions. (Chalfie et al., 
1994). In a preferred embodiment, the cells contain luminescent reporter genes, 
15 although other types of reporter genes , including those encoding 
cherniluminescem proteins, are also suitable. Live cel. stud.es permit analysis 
of the physiological state of the cell as reported by luminescence during its life 
cycle or when contacted with a drug or other reactive substance. 

in another aspect of the present invention, a non-uniform micro- 
20 panemed cell array is provided, wherein cells are non-uniformly bound to a 
modified micro-patterned chemical array in wells on a base. The non-uniform 
miC ro-patterned array of cells is non-uruform because the underlying non- 
uniform modified chemical array provides a vanety of cell binding sites of 
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P~~d my of ce.,s. providu* . molecute ^ rf 

«- ccn .ypc is presait fa „. chemjMi ^ 

Preferred ce„ ^ for ehe no,.^ ^ rf ^ ^ 

» .yn.phocy.e, cancer ceHs, neurons, ^ bactena ^ ^ ^ 
eukaryo-ic orgasms. For ^ F . gure JA shows a ^ ^ ^ 
panemed array of cells comaining ^ ^ ^ ^ ^ 

pafemed cmp and , aWed wj[h ^ „„, ^ ^ ^ ^ 

and Hoechs, ,„ slai „ „ uclei) , while ^ 3 „ ^ ^ ^ ^ ^ 
0 patent array of ceils confining fibroblastic „„ ^ ^ ^ ^ ^ 
in spo tt ed panerns , , abded with Wo nuoresMm probK ^ ^ 
different magnifications. 

cxampies of ceN-bi„ding moiecuies ,ha, can b e used i. me non-umform ^ 
P^ed my of ce„s lnc , ude , bu , are no , limii£d [o ^ iK(ms ^ 

e*.race„ ul a r matnx proKin , ^ ^ 

express spec.f.c cell surface ^ ^ ^ ^ ^ ^ 

-nod.fed weu, The non.,,^ raicr0 . panenled arIay rf ^ ^ ^ 
-he, fi« d or living cc„s. ,„ . prefcrred embodim£W ^ 
palmed array of ce„s comprises hving ceUs such as, b u, no, Umued ,o ce„s 
"t-W" »,,h iuminescen, ind.ca.ors of ceU chemical or moiecuiar propeItie , 

In a„o,her .spec, of ,„e pre se„, inven.ion, . melnod for ^ lyzmg ^ 
,s provided, comprising preparing a non-unjfo™ micro-p at ,erned array of ce,.s 
wherein ,he ce„s con,ai„ a, _ one Iuminescem „„„„„ ^ 
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the non-uniform nucro-pattemed array of cells to a fluid delivery system to 
enable reagent delivery to the non-uniform micro-patterned array of cells, 
conducting high-throughput screening by acquiring luminescence image of the 
entire non-uniform micro-patterned array of cells at low magnification to detect 
5 luminescence signals from all wells at once to identify wells that exhibit a 
response. This is followed by high-content detection within the responding 
wells using a set of luminescent reagents with different physiological and 
spectral properties, scanning the non-uniform micro-patterned array of cells to 
obtain luminescence signals from the luminescent reporter molecules in the 
10 cells, converting the luminescence signals into digital data and utilizing the 
digital data to determine the distribution, environment or activity of the 
luminescent reporter molecules within the cells. 

Preferred embodiments of the non-uniform micro-patterned array of 
cells are disclosed above. In a preferred embodiment of the fluid delivery 
15 system, a chamber, mates with the base containing the non-uniform micro- 
patterned array of cells. The chamber is preferably made of glass, plastic or 
silicon, but any other material that can provide a base is suitable. One 
embodiment of the chamber 12 shown in Figure 4 has an array of etched 
domains 13 matching the wells 4 in the non-uniform micro-patterned array of 
20 cells 10. In addition, microfluidic channels 14 are etched to supply fluid to the 
etched domains 13. A senes of "waste" channels 16, to remove excess fluid 
from the etched domams 13, can also be connected to the wells. The chamber 12 
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and non-uniform micro-patterned array of cells 10 togetb 



18. 



«r constitute a cassette 



The chamber 12 is mus us* for delivery of (laid .o d» non-uniform 
micro-pattemed array of ceUs 10 . The fluid can include, bu, is no, limited .o . 
5 so.u„on of a particular drug, proteu, Ugand , or ^ ^ 

with surface expressed moiedes of ceHs or ma, are uken up by me ^ 
fluid ,o in,erac, wiu, ,„e non-umform micro-parterned array of ceils 
include liposomes encapsulaiing a drug, ta one enlb o diment , such . ^ 
formed from a pho.ochromic m a,eria,, whrch releases me drug upon exposure ,o 
0 ligh,, such as pho,or=spo„sive synmeuc poly™,. (Reviewed in Wi lta er and 
Rubin, Chem. m, Ed. E„g,. 35:367-385, ,996,. The drug can be released from 
•he liposomes in a., charts ,4 simuhaneously, or ind.vidua, channels or 
separa,e rows of channels may be i„„mi„a,ed ,„ re,ease ,he drug seoue„„a, ly . 
Such conrrolled rdease of ,he drug may be used ,„ Idne.ic SI u di es and live ce.l 
s.ud,es. Comro, of flu.d deUvery can be acC o mp „sbed by a combinaUon of 
micro-valves and m.cro-pumps ,ba, are we,l known in «he capillary aeon ar, 
(Uni,ed S,a,e S Pa,e„, No. 5.567,294; Uru,ed S,a,es Pa K „, No. 5.527.673; 
Uniied S,a,es Pa.en, No. 5.585.069, al! herein incorporated by reference., 

Ano,her embod.men, of me chamber ,2 shown ,„ F ignre 5 has an array 
of m.crofluid.c channels ,4 ma,chi„g ,he chamber's etched domams ,3 which 
are sligh.ly larger in d,ame,er man th e wells 8 of ,he non- u „if or m micro- 
panemed array of cells 10 , so ,ha, ,he we„s 4 are immersed ,„,o ,h= e,ched 
domains ,3 of ,he chamber !2. Spacer suppons 20 are placed between ,he 
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chamber 12 and the non-uniform micro-patterned array of cells 10 along the 
sides of contact The non-uniform micro-pattemed array of cells 10 and the 
chamber 12 can be sealed together using an elastomer or other sticky coating on 
the raised region of the chamber. Each etched domain 13 of the chamber 12 can 
be individually or uniformly filled with a medium that supports the growth 
and/or health of the cells in the non-uniform micro-patterned array of cells 10. 
In a further embodiment (Figure 6), the chamber contains no microfluidic 
channels, for treating all the wells of the non-uniform micro-patterned array of 

cells 10 with the same solution. 

Delivery of drugs or other substances is accomplished by use of various 
modifiers of the chamber as follows. A solution of the drug to be tested for 
interaction with cells of the array can be loaded from a 96 well microtiter plate 
into an array of microcapillary tubes 24. (Figure 7). The array of 
microcapillary tubes 24 corresponds one-to-one with the microfluidic channels 
15 14 of the chamber 12, allowing so^tion to flow or be pumped out of the 
microcapillary tubes 24 into the channels 14. The non-uniform micro-patterned 
array of cells 10 is inverted so that the wells 8 become submerged in the etched 
domain 13 filled with the fluid (Figure 7B). Once the interaction between the 
fluid and non-uniform micro-patterned array of cells 10 occurs, luminescence 
20 signals emanating from the non-uniform rmcro-pattemed array of cells 10 can 
be measured directly or, alternatively, the non-uniform micro-patterned array of 
cells 10 can be lifted off the chamber for post processing, fixation, and labeling. 



10 
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The placement and removal of the array of cells m,v k- 

y or ^ ^ be accomplished via 
tobotics and/or byttaulic (Schroede, md Neagfc> ^ 

m one embodiment of ^ chamber „ ^ fa ^ ^ ^ ^ 

and matching etched domains J3 „ elched toto ^ chambCT cherajca|iy ^ 

5 ^ ^ - «»* *** «>d Whitesides. 199o , ^ 

etched domains 13 are larger in diameter than the wells « of «. 

™ weus • of the non-uniform 

miCr °"~ ^ 0f «" S " ™° P«™"s tne chamber „ „ be ^ 
sea.ed ,o , h e non^ ^ „ f ^ ^ ^ ^ ^ 

*. -ns and a smal, vo.ume of flu.d. Mlcrofmidic ^ „ ^ ^ ^ 

■0 each row of etched domams ,3 of the chamber 1, E ac„ micro flui d,c channe, 
■4 extends from two oppo sing ^ of ^ „ ^ ^ ^ ^ ^ 
edge. Tne etched domains ,3 of a single row „ m ^ ^ 
■he channe.s 14 by placing a micr„cap,„a^ tube 24 conlamjng . ^ ^ 

contact with th e edge of the chamber U. Each row of connected channeis 14 
» « * „ Iled s,mu„a„eous,y or sequemia||y flnmg ^ ^ ^ 

by vaives and pumps or cap.Uary action, each of*, channels of the chamber „ 
fths and ,he dnag passes to fi„ each etched doma.r, ,3 i„ the row of etched 
domains 13 connected by the channel 14. 

in a Amber embodiment of the chamber ,2, ra.sed reservoirs 28 and 

F*ure 8b . ,„ a preferred embodiment, the raised reservoirs 2S and enamels .4 
can be made from polytetrafluoroethylene or elastomeric materia,, but they can 
be made from any other sticKy materia, ,ha, permits attachment to the no. 
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uniform micro-patterned array of cells 10, such as poly(dimethylsiloxane) f 
manufacture by Dow Coming under the trade name Sylgard 184™. The effect 
is the same as with a chamber having etched channels and channels and its uses 
are similar. 

5 In another embodiment of the chamber shown in Figure 8A, a first 

channel 30 extends from one edge of the chamber 12 to a first etched domain 13 
or raised reservoirs 28 and channels. A second channel 32 extends from the 
opposing edge to a second etched domain adjacent the first etched domain. The 
first 30 and second 32 channels are not in fluid communication with each other 
1 0 yet are in the same row of channels 14 or raised reservoirs 28. 

In another embodiment, as shown in Figures 9 and 10, the chamber 12 
may have a channel 14 extending from each etched domain 13 or raised 
reservoir 28 to the edge of the chamber. The channels 14 can all originate from 
one edge of the chamber 12 (Figure 9), or from both edges (Figure 10). The 
1 5 channels 14 can also be split to both sides of the etched domains 13 to minimize 
the space occupied by the channels 14. Separate fluidic channels allow for 
performance of kinetic studies where one row at a time or one depression at a 
time is charged with the drug. 

In a further embodiment depicted in Figure 11, each etched domain 13 
20 is in fluid communication with a corresponding channel 14 having a plug 36 
between the end of the channel 14 and the etched domain 13, which prevents the 
injected solution from flowing into the etched domain 13 until the desired time. 
Solutions may be preloaded into the channels 14 for use at a later time. A plug 
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36 likewise can be disposed . termillal ache|f ^ , 3 fa „ ^ of 

connected ached domains 13 in fluid communication with a channel 14. Upon 
release of the plug 36, the substance flows through and fills all the etched 
domains 13 which are in fluid communication with the channel 14. 
5 In one embodiment, the plugs 36 are formed of a hydrophobic polymer , 

such as, but no, limited to proteins, carbohydrates or lipids that have been 
crosslinked with photocleavable crosslinks mat. upon irradiation, becomes 
hydrophilic and passes along with the drug into the depression. Alternative*, 
■he plug 36 may be formed of a crosslinked polymer, such as proteins, 
10 carbohydrates or hpids tha, have been crosshnked win, photodeavab.e 
crosslinkers that, when irradiated, decomposes and passes into the etched 
domain 13 along with the solution. 

The cassette 18, which comprises of the non-uniform m.cro-pattemed 
array of ce,.s ,0 and the chamber 12 is inserted mto a luminescence reader 
1 5 instrument. The luminescence reader instrument is an optical-mechanical dev lce 
that handles the cassette, controls the environment (e.g., the temperature, wruch 
is important for live cells), controls delivery of solutions to wells, and analyzes 
the luminescence emitted from the array of cells, either one well at a tune or the 
whole array Simu.taneously. In a preferred embodiment (Figure 12), the 
20 .uminescence reader instrument compnses an integrated circuit inspection 
station us,ng a fluorescence microscope 44 as the reader and microrobotics to 
manipulate the cassettes. A storage compartment 48 holds the cassettes 18, 
from where they are retrieved by a robotic arm 50 that is controlled by computer 
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56. The robotic arm 50 inserts the cassette 18 into the luminescence reader 
instrument 44. The cassette 18 is removed from the luminescence reader 
instrument 44 by another robotic arm 52, which places the cassette 18 into a 
second storage compartment 54. 
5 The luminescence reader instrument 44 is an optical-mechanical device 

designed as a modification of light optical-based, integrated circuit inspection 
stations used to "screen" integrated circuit "chips" for defects. Systems 
integrating environmental control, micro-robotics and optical readers are 
produced by companies such as Carl Zeiss [Jena, GmbH]. In addition to 
10 facilitating robotic handling, fluid delivery, and fast and precise scanning, two 
reading modes, high content and high throughput are supported. High-content 
readout is essentially the same as that performed by the ArrayScan reader (U.S. 
Application S/N 08/810983). In the high content mode, each location on the 
non-uniform micro-patterned array of cells is imaged at magnifications of 5- 
15 40X or more, recording a sufficient number of fields to ach.eve the desired 
statistical resolution of the measurement(s). 

In the high throughput mode, the luminescence reader instrument 44 
irn age S the non-uniform micro-patterned array of cells at a much lower 
magnification of 0.2X to 1.0X magnification, providing decreased resolution, 
20 but allowing all the wells on the non-uniform micro-patterned array of cells to 
be recorded with a single image. In one embodiment, a 20mm x 30mm non- 
uniform micro-patterned array of cells imaged at 0.5 X magnification would fill 
a 1000 x 1500 array of lOum pixels, yielding 20um/pixel resolution, insufficient 
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.0 define i— IW .uminescence ^ ^ ^ _ 

average response « . single well , Md , o ^ ^ numbm ^ a ^ 
subtle in a weH. Since typica, talegmio „ _ ^ on ^ ^ ^ ^ 
«. High throughput mode of ^ — wj(h 

fading a„ d nandling , for ^ ^ ^ ^ 



minute. 



■n one embodiment shown i„ Figure 13 , ^ lllminesCOTce ^ 
mstnnnen, compn.es an opttcal-mechanica, design tha, is eimer an upright or 
•averted fluorescence mtcroscope 44, which comprises a computer-co^,,* 
x.y,z-s,a 8 e 64, a computer-conned rotattng „„sep le ce 68 holding . low 
magmficat.on elective 70 <e g „ 0.5 x, and one or more higher magniocatton 
objectives 72, a white lig h. source ,amp 74 with exeitatton filter whee, ,6 . 
dichrotc fiher system 78 with emission filters 80. and a detector 82 (eg C oo,ed 
charge-coup.ed device,. F or the high throughput mode, the ,„w raag „ ifl ca (ion 
objecttve 70 is moved mto piace and one or more lummescence .mages of the 
emtre „o„-umform mtcro-p.nemed arrav ofceHs is recorded. We„s that exhibit 
some se,ec,ed iuminescence response are identtfted and (urther a„a, y2 ed via 
h.gh content screemng. wherein the nosepiece .8 is rotated to select a higher 
magnification objective 72 and the x,y.,stage 64 is adjusted to center the 
"selected" we,, for both ceUu.ar and subce„u,ar high content screenmg, as 
described in U.S. Application S/N 08/8,0983. 

In an alternate embodiment, the luminescence reader mstntmen, 44 can 
«.« a scanned laser beam in either confoca, or standard illumination mode. 
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Spectral selection is based on multiple laser lines or a group of separate laser 
diodes, as manufactured by Carl Zeiss (Jena, GmbH, Germany) or as discussed 
in Denk, et al. (Science 248:73, 1990). 

Another embodiment of the high throughput screening mode involves 
5 the use of a low-resolution system consisting of an array (1 x 8, 1 x 1 2, etc.) of 
luminescence exciters and luminescence emission detectors that scans subsets of 
the wells on a non-uniform micro-patterned array of cells. In a preferred 
embodiment, this system consists of bundled optical fibers, but any system that 
directs luminescence excitation light and collects luminescence emission light 
10 from the same well will suffice. Scanning the entire non-uniform micro- 
patterned array of cells with this system yields the total luminescence from each 
well, both from cells and the solution they are bathed in. This embodiment 
allows for the collection of luminescence signals from cell-free systems, so- 
called "homogeneous" assays. 
15 Figure 14A shows an algorithm, in the form of a flow chart, for 

analyzing a non-uniform micro-patterned array of cells in both the high 
throughput and high content modes using the luminescence reader instrument, 
which first uses high throughput detection to measure a response from the entire 
array "A". (Figure 14B). Any well that responds above a preset threshold is 
20 considered a hit and the cells in that well are measured via high content 
screening. (Figure 14C). The high content mode ("B") may or may not 
measure the same cell parameter measured during the high throughput mode 
("A"). 
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h anoiher aspcc, of fte inve^o,, a «„ ^ ^ 

wherein , he term ., creenJng system .. ^ ^ ' 

.—nee reader instnmienl , . ^ ^ ^ ^ ^ ^ ^ 
—en, reader i„ stnmmt , ^ 

5 of ce, ls wnerei, to cells ^ „ ^ luminesceni ^ ^ ^ 

a chamber associaieo „ itll ^ micro . pattemed my ^ ^ ^ 

deiecior for receivi„ g data ^ lu i , inescence ^ ^ 
. comp-er means for receivmg ^ processmg dig . a| da(a ^ ^ ^ 

detector. 

Preferred embodiment of u,e iuminescence reader msmimeM , 
casseue com P ris,„ 8 th , „ 0 „. unjforra micro . palKmed _ y ^ ^ ^ ^ 
chafer are d.sciosed above. A prefer embodimem ^ ^ ^ ^ 

disced in U.S. A pp „ea t io„ S/N OS/,,0,83, and comprises . „, gh resolutjo „ 
d,g»a, camera , te ac quir es , urainescence dau from ^ ^ 

" mS '™ n,em ^ ~ " '° «*« — - a .referred embodimen, lhe 
comber mea„ s compmes . djg „ al ^ ^ ^ ^ ^ ^ 

•he dig,,, de.ec.or ,o ,„e comber. . disp|ay for ^ ^ ^ ^ 

~y -to. a means for P rocess, ng .say res u „s. and a d igi ,a, s,o rag e media 
for da.a s,ora g e and arch,v mg , as descnbed ,„ u s AppIjcation ^ 

■n a preferred embodimen,, ,he ceii screen^ sys,em of lhe prKem 
.nve„,.o„ com P „ses m.esranon of fte preferred embod.menis of me eiemems 
d.sciosed above (Pigure 15 , The non . unifonn ^ 

.0 com P r,es ce„s bound ,o m,cro- P a,,emed ehem.ca, arrays ,„ wel , s 8 on a 
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base 4. The chamber 12 serves as a microfluidic delivery system for the 
addition of compounds to the non-uniform micro-patterned array of cells 10, 
and the combination of the two comprises the cassette 18. The cassette 18 is 
placed in a luminescence reader instrument 44. Digital data are processed as 
5 described above and in U.S. Application S/N 08/810983, hereby incorporated 
by reference in its entirety. The data can be displayed on a computer screen 86 
and made part of a bioinformatics data base 90, as described in U.S. 
Application S/N 08/810983. This data base 90 permits storage and retrieval of 
data obtained through the methods of the invention, and also permits acquisition 
1 0 and storage of data relating to previous experiments with the cells. An example 
of the computer display screen is shown in Figure 16. 

The present invention may be better understood with reference to the 
accompanying Examples that are intended for purposes of illustration only and 
should not be construed to limit the scope of the invention, as defined in the 
1 5 claims appended hereto. 

Example I. Coupling of antibodies to non-uniform micro-patterned array of 
cells for the attachment of specific lymphoid cells 

1. The cell line used was a mouse B cell lymphoma line ( A20) that does not 
express IgM on its surface. A non-uniform micro-pattemed array of cells 
20 was prepared for derivatization by being immersed overnight in 20% 

sulfuric acid, washed 2-3 times in excess distilled water, rinsed in 0.1 M 
sodium hydroxide and blotted dry. The non-uniform micro-patterned array 
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of cells was either used urunediateiy or p,aced in a c.ea„ ^ ^ ^ 
covered with parafilm for future use. 
2. The non-unjform micro-pafemed ^ of ce „ s wK ^ ^ ^ ^ 
dish, and 3-Aminopropyl.nme.hoxysilane was layered ^ ^ 
micro-paaemed array of Mlls ensuring C omple,e coverage ^ ^ 
over the edges (approx.ma.eiy 0.2m, for a 22 x 22 mm non-umform mjcro . 
palmed array of celis. and approxima.e,y 0.5ml for a 22 x 40 mm non- 
uniform micro-partemed array of celis,. After 4 minu.es a, room 
.en.pera.ure, ,he non-umform micro-patierned array of cells was washed u, 
deionized wa.er and excess water was removed by cloning. 

3. The non-uniform micro-patterned array of cells was placed in clean 60mm 
Petri dishes and i„cuba.ed wi.h glutaraldehyde (2.5% in PBS, approximately 
2.5ml) for 30 minutes a, room .emperalure, followed by three PBS washes. 
Excess PBS was removed by blotting. 

4. Cell nuclei in , ne non-uniform micro-pa.temed array of cells were labeled 
whh a lum.nescen, Hoechs, dye during the blocking step. The appropria.e 
number of lympho.d cells (see below) in C-DMEM were .ransferred .o a 15 
ml corneal ,ube, and Hoechs. dye was added «„ a final concemration of 10 
ug/ml. Cells were incubaled for ,0-20 mmu,es a, 37°C in 5% CO,, and then 
Pelleted by centrifcgation a, ,000 x , for 7 minu.es a. room temperature. 
The supernatant containing unbound Hoechs, dye was removed and fresh 
media (C-DMEM) was added to resuspend the ce„s as follows- 
approximately 1.25 -,.5 x 10' ce„s .„ 0.2 m, pe, 22 x 22 mm „o„-„„, for m 
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micro-patterned array of cells, and approximately 2.5 x 10 s cells in 0.75ml 
for the 22 x 40 mm non-uniform micro-patterned array of cells. 

5. The non-uniform micro-patterned array of cells was washed briefly in PBS 
and transferred to a clean, dry 60 mm petri dish, without touching the sides 

5 of the dish. Cells were carefully pipeted onto the top of the non-uniform 

micro-patterned array of cells at the density noted above. Dishes were 
incubated at 37°C in 5% C0 2 for 1 hour. Unbound cells were then removed 
by repeated PBS washings. 

6. Antibody solutions (Goat Anti-Mouse IgM or Goat Anti-Mouse Whole 
10 Serum) were spotted onto parafiim (50 jil for 22 x 22 mm non-uniform 

micro-patterned array of cells, 100 \x\ for a 22 x 40 mm non-uniform micro- 
patterned array of cells). The non-uniform micro-patterned array of cells 
was inverted onto the spots, so that the antiserum covered the entire surface 
of the treated non-uniform micro-patterned array of cells without trapping 
15 air bubbles. The non-uniform micro-patterned array of cells was incubated 

with the antibody solution for 1 hour at room temperature. 

7. The non-uniform micro-patterned array of cells was carefully lifted from the 
parafiim, placed in a clean 60 mm petri dish, and washed three times with 
PBS. Unreacted sites are then blocked by the addition of 2.5 ml of 10% 

20 serum (calf or fetal calf serum in DMEM or Hank's Balanced Salt Solution) 

for 1 hour at room temperature. 

8. Both cell lines should bind to the anti-mouse whole serum, but only the 
XI 6s should bind to the anti-mouse IgM, The binding of specific lymphoid 
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cell strains to the chemically modified surface is shown in Figure 17. The 
mouse lymphoid A20 cell line, lacking surface IgM molecules but 
displaying IgG molecules, bound much more strongly to the surface 
modified with whole goat anti-mouse serum (Figure 17C) than to the 
5 surface modified with goat anti-mouse IgM (Figure 17B) or an uncoated 

slide (Figure 17A). 
Example 2. High-Content and High Throughput Screen. 

The insulin-dependent stimulation of glucose uptake ,nto cells such as 
adipocytes and myocytes requtres a complex orchestrat.on of cytoplasmic 
0 processes that result in the translocation of GLUT4 glucose transporters from an 
intracellular compartment to the plasma membrane. A number of molecular 
events are triggered by insulin binding to its receptor, including direct signal 
transduct.on events and indirect processes such as the cytoskeletal 
reorganizations required for the translocation process. Because the actin- 
cytoskeleton plays an important role in cytoplasmic organization, intracellular 
signaling ions and molecules that regulate this living gel can also be considered 
as intermediates of GLUT4 translocation. 

A two level screen for insulin mimetics is implemented as follows. 
Cells carrying a stable chimera of GLUT4 with a Blue Fluorescent Protein 
(BFP) are arranged on the non-uniform micro-patterned array of cells arrays, 
and then loaded with the acetoxymethylester form of Fluo-3, a calcium indicator 
(green fluorescence). The array of locat.ons are then simultaneously treated 
with an array of compounds using the microfiuidic delivery system, and a short 
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sequence of Fluo-3 images of the whole non-unifonn micro-patterned array of 
cells are analyzed for wells exhibiting a calcium response in the high 
throughput mode. The wells containing compounds that induced a response, are 
then analyzed on a cell by cell basis for evidence of GLUM translocation to the 
5 plasma membrane (i.e., the high-content mode) using blue fluorescence detected 
in time and space. 

Figure 18 depicts the sequential images of the whole non-uniform 
rrncro-pattemed array of cells in the high throughput mode (Figure ISA) and 
the high content mode (Figure 18B). Figure 19 shows the cell data from the 

10 high content mode. 
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What is claimed is: 

1 • An airay for screening cells comprising: 

a) a base having a m^rcpatten^ed array of chemicals for 
interaction with cells; and, 

5 b) a non-unifonn micro-patterned array of cells seeded on the 

micro-patterned array of chemicals. 

2. The array for screening cell, of claim , , wherein ,he ce lls con,ai„ a, ,eas, 

one luminescent reporter molecule. 

3. The array f„, screen,„ 8 C e, ls of ciaim ,. mnher comprising . fluj(j 
■0 dehvery syaem for dehvenng a comhinacona, of reagem, ,o ,he non-un.fo™ 

micro-patterned array of cells. 

4- A method for producing a non-uniform micro-patterned array of cells, 
comprising: 

a) preparing a micro-patterned chemical array; 
15 b) treating the m,cro-patterned chemical array to produce a 

modified m,cro-patterned array of chemicals, by chemically moving 
the micro-patterned chemical array non-uniformly; and 
O binding cciis to the modified micro-chemical array to produce a 
non-uniform micro-patterned array of cells. 
20 5. a method for analyzing cells comprising: 

a) prepanng a non-uniform micro-pattemed array of cells wherein 
the cells contain at least one luminescent reporter molecule; 
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b) contacting the non-uniform micro-patterned array of cells to a 
fluid delivery system to de.iver fluids to the non-uniform micro-patterned array 

of cells; 

c) acquiring a luminescence image of the entire non-uniform micro- 
5 patterned array of cells at low magnification to detect luminescence signals 

from all wells at once; 

d) acquiring a luminescence image of individual wells of the non 
uniform micro-patterned array of cells at high magnification to obtam 
luminescence signals from the luminescent reporter molecules in the cells; 

10 e) converting the luminescence signals into digital data; and 

f) utilizing the digital data to determine the distribution, 
environment or activity of the luminescent reporter molecules within the cells. 
6. A cell screening system comprising, in combination: 
a) a luminescence reader instrument 
15 b) a cassette which can be inserted into the luminescence reader 

instrument, comprising: 

i) a non-uniform micro-patterned array of cells wherein the 

cells contain at least one luminescent reporter molecule; and 

ii) a chamber associated with the non-uniform micro- 
20 patterned array of cells and further comprising a fluid delivery system to deliver 

fluid to the non-uniform micro-patterned array of cells; 

0 a digital detector for receiving data from the luminescence reader 
instrument and converting the data to digital data; and 
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-> a co mputtr mrans for rKejving ^ proceK _ ng ^ ^ 
the digital detector. 

* The ce„ screening sysIem of ^ 6 ^ ^ ^ ^ 

comprises; 

*> a mea™ for digila| ttwfer of ^ images ^ ^ 

computer, 

b) a dispiay for user jnteraction Md ^ ^ ^ 
<=> means for processing assay result, and 
«•) <% ilal sl „rage media for data storage and archiving. 
«■ The ce„ screening s ys ,e ra of Cain, 6 , wnCTem tne ^ ^ 
~, co mpnS es a „„ ce m , croscope opiBs 
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Fig. 1 
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Fig. 2 
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Fig. 3A 
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Sodium Fluorescein binding to 
Cell Chip to identify the location 
of 200 urn spot patterns. 





Sodium Fluorescein binding to 
Cell chip to identify the location 
of 400 um spots patterns. 



Fluorescent cell attachment 
of L929 cells to patterned 
spots (low magnification, 4x) 




Fluorescent cell attachment 
of 3T3 cells to patterned 
spots. Nuclei (above). Actin 
in same cells (below) 
(higher magnification. 20x) 
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Fig. 4 
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Fig. 5 




12 



[fa 
















<y 
























o- 


/ 


Or 


-16 




\ 




\ 














"2d 














-13 


US) 




°1 




.oj] 


—14 



6/22 

SUBSTITUTE SHEET (RULE 26) 



WO 97/45730 




PCT/US97/09564 



Fig- 6 
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Fig. 7 
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Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig. 11 
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Fig. 12 
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Fig. 14B 
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